Abstract. Although most software engineers have access to various modeling tools, they often use paper and pencil to sketch ideas and to support modeling activities. This is particularly true when they are working in the field, for example gathering requirements from stakeholders. Sketches documented on paper very often need to be re-modeled in order to allow further processing -an error-prone and time-consuming task. The aim of our work is to better integrate these early sketching and modeling activities into the overall software engineering process. We have prototyped FlexiSketch, a mobile application that supports freeform, flexible, in-situ modeling and allows software engineers to annotate their models. Apart from the application and the underlying conceptual solution we also present the results of initial experiments. Those suggest that the tool supports freeform sketching similar to paper and pencil, and that practitioners would be willing to use a tool like FlexiSketch in their daily work.
Introduction
Early software engineering (SE) activities include gathering and documenting needs that stakeholders of a future software product have. Also, first design sketches of the future software system are created. These tasks often ask for creativity. Diagram-like sketches (consisting of nodes and edges) can help to depict current systems and communicate ideas in a simplified way.
Engineers and stakeholders mostly prefer to use paper and pencil, whiteboards, and flip charts for sketching in early SE phases [1, 2] . This is mainly due to two reasons: First, engineers and stakeholders meet in various places. Paper and pencil, or flip charts, are available anywhere and are instantly ready for use. Second, they are easy to use. They allow for informal, unrestricted sketches. In contrast, most SE modeling tools follow a more formal modeling approach [3] and require an engineer to use a specific modeling language and syntax.
Once relevant ideas are documented on paper, the question is how to store, distribute, and make the information amenable for further processing. One option is to take photographs of sketches and later, back in the office, re-model the information manually with the help of a software modeling tool. This media break is error-prone and the re-modeling task time-consuming. Information may get lost or be interpreted in a wrong way. This is particularly a risk when another person is responsible for the re-modeling task or information is transcribed after some time has passed by.
To avoid the need for re-modeling information manually, we propose that software engineers use lightweight software tools right from the beginning of a project. Such tools must have a similar availability to that of paper and pencilbased approaches and allow for freeform sketching. In our current research, we focus on multi-touch mobile devices such as tablet computers to support these sketching activities. Today, such devices are widespread, ad-hoc available, and have sufficient computing power. Therefore, we consider such devices to be an ideal platform for supporting engineers with informal sketching and modeling tools which also allow them to stepwise refine and formalize their sketches.
In this paper we present a tool-supported approach that provides users with free-form sketching capabilities and allows them to annotate their sketches, thereby defining their notations and enabling a semi-automatic formalization of the sketches. Furthermore, we elaborate on the results of two experiments that focused on qualitative feedback regarding the usability and utility of our approach.
The remainder of this paper is structured as follows: We present our research goal and approach in Section 2. The tool prototype is described in Section 3. The two experiments and results are discussed in Sections 4 -7. Section 8 presents related work, and Section 9 presents conclusions and future work.
Flexible Sketch-Based Modeling

Main Goal
The overall goal of our work is to unite the flexibility of unconstrained sketching with the power of formal modeling. In this context, we want to provide a toolsupported approach that (i) allows users to sketch any informal models, (ii) provides means for assigning syntax and semantics to sketched elements on the fly, and (iii) supports the semi-automated transformation of sketches into classic semi-formal models (e.g. a class diagram or a statechart) [4] . We envision our approach to allow for free, flexible sketching (as pen and paper does), and at the same time support a step-wise beautification and formalization of the sketches, thus avoiding the media break between early software engineering sketches and semi-formal models [5] .
Key Requirements
Discussions with experts and the study of related work led to the following highlevel requirements that we consider to be relevant for building a solution that fulfills end-user needs:
